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Knowledge Discovery & Data Mining
– Feature Analysis –

Non-Linear Relationships

Instructor: Yong Zhuang
yong.zhuang@gvsu.edu
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Recall: Analyzing Feature Relationships
● Analyzing Feature Relationships

○ Introduction to Feature Analysis

○ Covariance (for numerical features)

○ Correlation Coefficient (for numerical features)

○ Spearman's Rank Correlation (Numeric & Ordinal Data)

○ Chi-Square Test (for categorical features)

○ Partial correlation
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Kullback–Leibler (KL) divergence

Also called relative 
entropy.
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Mutual Information
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Mutual Information
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Mutual Information
Diagram showing additive and subtractive relationships for various information 
measures associated with correlated variables X and Y. The area contained by both 
circles is the joint entropy Η(X,Y). The circle on the left (red and violet) is the individual 
entropy Η(X), with the red being the conditional entropy Η(X|Y). The circle on the 
right (blue and violet) is Η(Y), with the blue being Η(Y|X). The violet is the mutual 
information I(X;Y).
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Mutual Information
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Conditional Mutual Information
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Pairwise Nonlinear correlation

In statistics, the maximal information coefficient (MIC) is a measure of the 
strength of the linear or nonlinear association between two variables X and Y.

--- Wikipedia entry
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Maximal Information Coefficient (MIC)
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MIC
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MIC
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MIC
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MIC
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MIC
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MIC
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MIC
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MIC
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MIC
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MIC
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Limitation of MIC

Consider a toy data set with three dimensions {A, B, C}. MIC can 
find two separate ways to discretize B to maximize its correlation 
with A and C, but it cannot find a discretization of B such that the 
correlation with regard to both A and C is maximized. Thus, MIC 
is not suited for calculating correlations over more than two 
dimensions. Further, adapting existing solutions to the 
multivariate setting is nontrivial due to the huge search space.



   Yong Zhuang Knowledge Discovery & Data Mining 2222

Reference

● Detecting Novel Associations in Large Data Sets

● Multivariate Maximal Correlation Analysis

https://pmc.ncbi.nlm.nih.gov/articles/PMC3325791/pdf/nihms358982.pdf
https://proceedings.mlr.press/v32/nguyenc14.html

